The falcine sinus has been considered as a rare variation of the venous pathway between the dural layers of the falx cerebri. The purpose of this study was to evaluate the incidence of falcine sinus and its anatomic characteristics by using CTA.
T
he falcine sinus is an embryonic vessel that normally closes after birth. 1 Most persistent falcine sinuses presented in previous reports were associated with congenital disorders, such as malformation of the vein of Galen, absence of the corpus callosum, acrocephalosyndactyly, and Chiari II malformation. Falcine sinuses in adults can be associated with acquired occlusion of the straight sinus. [2] [3] [4] Falcine sinuses without associated congenital anomalies or sinus occlusion are extremely rare. However, I have experienced several patients with isolated falcine sinus on CTA, which can clearly depict the venous anatomy of the brain, 5 and several studies have evaluated variations of veins by using CTA. 5, 6 The purpose of this study was to determine the incidence of falcine sinus and its anatomic characteristics by using CTA.
Materials and Methods
This study was performed according to the ethical standards of the institutional review board. The study population comprised all 610 consecutive patients who underwent brain CTA at our institution between September 2008 and February 2009. Patients who underwent CTA were the following: 263 from the emergency medical center and inpatient ward, 304 from outpatient medical service, and 43 patients from the health promotion center.
These patients underwent brain CTA for the following reasons: 1) screening for cerebrovascular disease; 2) evaluation of bursting headache; 3) subarachnoid hemorrhage or intracerebral hematoma detected on brain CT; and 4) follow-up for known intracranial vascular disease, such as aneurysm, stenosis, or arteriovenous malformation. If multiple CTAs were performed in a single patient, only the first CTA was included in the analysis.
CTA was performed by using a 16-channel multidetector row CT scanner (Brilliance CT; Philips Medical Systems, Best, the Netherlands) with the following parameters: 120 kV; 345 mA; matrix, 512 ϫ 512; FOV, 250 mm; collimation, 0.75 mm; pitch, 0.563; total scanning time, 12.4 seconds. The scanning range was from approximately C1-C2 up through the vertex of the skull, as a line drawn perpendicular to the anterior skull base. One hundred milliliters of nonionic contrast media (Visipaque 320 [Iodixanol, 320 mg I/mL]; GE Healthcare, Oslo, Norway) was injected into the antecubital vein at a flow rate of 5 mL/s by using an autoinjector, to enhance the intracranial arteries. Acquisition was initiated via triggering at a threshold of 100 HU, with the region of interest set in the internal carotid artery, after the intravenous contrast bolus was initiated. The various projections of 3D volume-rendering and MIP images were reformatted by using a 3D reconstruction software (Rapida Version 2.8 Infinitt Technology, Seoul, South Korea). A sagittal MIP image of the midline of the brain with a slab thickness of 10 mm was included in routine reformatting of the CTA.
The sagittal midline MIP image, VR images, and axial 3-mm multiplanar reconstruction images were retrospectively analyzed by an experienced neuroradiologist. The falcine sinus on CTA was defined as a midline venous structure connecting the vein of Galen or the ISS with the SSS. The continuity and intrafalcine location of the falcine sinus were confirmed on the series of axial images to differentiate the sinus from the cortical veins on the medial surface of the brain.
A neuroradiologist retrospectively reviewed CTAs, additional brain images, and clinical information of subjects with a falcine sinus. The anatomic characteristics of falcine sinuses on CTA were reviewed as follows: 1) coincidence of a congenital anomaly of the brain parenchyma or a vascular structure, 2) coincidence of acquired occlusion of another sinus, 3) association with an absent or rudimentary straight sinus, and 4) association with a hypoplastic intervening SSS. When the diameter of the straight sinus on a sagittal MIP was smaller than the diameter of the internal cerebral veins, the straight sinus was de-fined as rudimentary. Additional brain images, such as brain MR imaging and cerebral angiography, were evaluated for associated lesions. Basic demographic data (age, sex) and clinical reasons for undergoing CTA were determined through a review of clinical charts.
Results
Twenty-four patients were excluded from the study: 13 patients had insufficient venous enhancement due to an early scanning time, 6 patients had insufficient reconstruction images, and 5 patients had severe midline shift of the brain due to hemorrhagic mass effect. Therefore, the CTA images of 586 patients, 275 males and 311 females (mean age with standard deviation [SD], 52.6 Ϯ 15.7 years; median age, 53.0 years; age range, 6 -97 years) were ultimately analyzed in this study.
Falcine sinuses were present in 12 patients, resulting in an incidence of 2.1%. There were 5 men and 7 women (mean age with SD, 50.5 Ϯ 16.6 years; median age, 50.5 years; age range, 20 -78 years). Falcine sinuses were seen as ribbon-or yardstick-like vascular structures between the vein of Galen and the posterior two-thirds of the SSS. They were spindle-shaped vascular structures in the falx on axial images. One patient (case 9) had an associated congenital anomaly, malposition of the proximal SSS on CTA. Before CTA was performed, she had already undergone a brain MR imaging, which revealed a dysplastic tentorium as well as malposition of the proximal SSS.
The other 11 patients had no associated congenital anomaly or sinus occlusion on brain CT and CTA. In addition, 1 of 11 patients underwent brain MR imaging, which did not reveal any congenital anomaly. Three patients had no straight sinus, 5 patients had rudimentary straight sinuses, and 4 patients had normal straight sinuses (Fig 1) . In 1 patient (case 12), the ISS drained through the falcine sinus to the SSS, separate from the deep cerebral veins draining through the straight sinus, without connection between the falcine and straight sinuses (Fig 2) . Four patients showed duplication of the falcine sinus (Fig 1A) . There was no hypoplasty of the intervening SSS in any of the patients. Two falcine sinuses (cases 2 and 9) were confirmed by cerebral angiography. Demographics and anatomic characteristics of falcine sinuses are summarized in the Table.
Discussion
Falcine sinuses can be classified into 2 groups, according to pathogenesis: persistent falcine sinuses and recanalized falcine sinuses. A falcine sinus that does not involute but persists beyond birth is defined as a persistent falcine sinus. In the 20-mm embryo stage, the primitive falx cerebri contains the sagittal plexus, a meshwork of anastomotic venous channels from which the SSS and straight sinus are thought to develop. A persistent falcine sinus represents a persistent channel of the caudal anastomotic loops of the sagittal plexus. 3 The several duplicated falcine sinuses in this study provided evidence for this hypothesis. The result of autopsy demonstrated that falcine plexus was common in the falx cerebri, and there was significant communication between the ISS and SSS via the falcine venous plexus. 7 Recanalized falcine sinuses probably represent an increase in caliber of 1 of the channels of the normal falcine venous plexus secondary to acquired occlusion of the venous sinus, such that venous drainage is preserved. Because no acquired sinus disease or occlusion was present, probably all the falcine sinuses here are persistent falcine sinuses.
Falcine sinuses are known to be extremely rare in the adult population. 4, 8, 9 Most reported falcine sinuses in the adult population have been correlated with congenital anomalies or sinus obstruction caused by thrombosis or meningioma. However, in this study, falcine sinuses were not rare on CTAs, and all of the patients with falcine sinuses were adults. Most of these cases were not associated with congenital anomalies or acquired sinus occlusion. Although this study was relatively limited with respect to the number of patients enrolled, the CTA incidence of persistent falcine sinus was 2.1%, which was higher than the prevalence of persistent trigeminal artery, the most common variant of persistent carotid-basilar arterial anastomosis in a large angiographic series (0.1%-0.6%).
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Fig 2.
A 56-year-old woman underwent CTA for cerebrovascular disease screening. The inferior sagittal sinus (arrows) drains directly into the persistent falcine sinus (arrow), without confluence with the internal cerebral veins.
Fig 1.
Three different patterns of straight sinus (arrowheads) with persistent falcine sinus. A, First, an absent straight sinus. In addition, the persistent falcine sinus is duplicated. B, Second, a rudimentary straight sinus, which is smaller than the internal cerebral veins. C, Third, a normal straight sinus.
These discrepancies between the results of the present study and previous knowledge may be explained as follows: First, to my knowledge, there has been no reliable study looking at the incidence of falcine sinuses in the general population, though previous studies have noted that the persistent falcine sinuses are rare. The total number of the population has not been clearly stated in many previous studies. Second, the way in which the study population was selected may have contributed to the discrepancy in the incidence of associated disease. Most of falcine sinuses were detected on MR imaging and MR venography in previous reports. Because MR venography is a special MR imaging for visualization of venous structures, it is not routinely, but selectively, performed in patients with suspected venous disease. Because sedation is necessary to perform brain MR imaging in pediatric patients, the clinical indications for pediatric brain MR imaging are limited to suspected congenital anomaly, neurologic impairment, epilepsy, suspected brain tumor, etc. Third, the falcine sinus may be overlooked on conventional MR imaging. The falcine sinus can be seen only on a midline sagittal MR image. Therefore, it may be unrecognized by inexpert radiologists during the interpretation of brain MR imaging. Noncontrast-enhanced MR venography, which has been widely used to show cerebral veins, may have a limitation in revealing a persistent falcine sinus. 11 In this study, 9 of 12 patients (75%) had both falcine and straight sinuses, and 4 patients had preserved normal caliber of the straight sinuses. I suggest that the falcine sinus may provide important collateral channels in the straight sinus or the caudal segment of the SSS, when the straight sinus is sacrificed in a surgical procedure. 12, 13 On the other hand, the falcine sinus may be at risk for major bleeding after iatrogenic falcine injury. Therefore, the presence of the falcine sinus should not be missed on CTA. Despite the findings of this study, clinicians should be aware that falcine sinuses can be associated with congenital anomalies or acquired occlusion of the straight sinus.
This study was limited in that the population was not evenly distributed, because most CTAs were performed in adults. Therefore, children with falcine sinus, who are more commonly reported than adults, were excluded from the study. Another limitation of this study was that the number of brain MR images available in patients with falcine sinus was low. Therefore, small congenital lesions might be overlooked in patients who underwent brain CTA only.
Conclusions
In this study, the frequency of persistent falcine sinus was 2.1%-a relatively high incidence-and most falcine sinuses were isolated. Knowledge and recognition of these variations are useful and important during the interpretation of cerebral CTA.
